In order to perform pharmacokinetic studies involving multiple blood sampling, repeated at variable intervals of time, a simple and reliable non-surgical jugular catheterization technique was developed. Six cats were catheterized 48 times using an indwelling through-the-needle type catheter (22G and 20.3 cm) placed into the jugular vein through an over-the-needle type (20G and 32 mm). Catheters remained in place for 1-13 days (median 3 days) without loss of patency until removal. Each jugular was catheterized a range of 2-6 times, with a total indwelling time of 4-33 days. No clinical signs of phlebitis, thrombosis or sepsis were observed either during or after the studies. This technique allows an easy, non-painful, non-stressful blood withdrawal during extended sampling periods, with minimal damage of the veins.
Some pharmacokinetic studies performed in cats require multiple venous blood samples taken frequently and often over a period of several days. Taking blood samples by venepuncture induces stress in the experimental animals, that can modify the kinetic behaviour of drugs under study. Moreover, peripheral veins in cats are too small and usually collapse when negative pressure is induced. To avoid these problems, a central venous catheterization that guarantee continuous access to a venous port is necessary. The jugular vein, due to its super cial localization and adequate size, is the one preferred for this purpose.
Different techniques providing central venous access via indwelling catheters have been described in dogs and cats. These techniques can be used for administration of uid or drugs administration or for multiple blood sampling collection or central venous pressure measurement (Burrows 1973 , Goodger 1973 , Horton 1980 , Cochrane et al. 1989 , Morton et al. 1993 , Blaiset et al. 1995 , Webb et al. 1995 , Martin & Rand 1999 .
It is important to highlight that the indwelling catheter should not interfere with the normal behaviour of the experimental animals. Stress is a very important variable, since it can induce modi cations on the normal circadian cycle of endogenous substances, as well as modify the pharmacokinetic behaviour of xenobiotics.
Another important point to bear in mind is the patency of the vein when it is catheterized repeatedly over long periods of time. In this case it is important to avoid surgical cutdown catheterization techniques that lead to permanent loss of the used vein (Goodger 1973 , Cochrane et al. 1989 , Morton et al. 1993 , Blaiset et al. 1995 , Webb et al. 1995 .
In these situations the chosen technique should be as simple and rapid as possible, allowing a rapid recovery after the procedure, ensuring securing afterwards and later during the blood sampling; without causing phlebitis, infection or damage on the used veins.
To our knowledge only the modi ed Seldinger technique developed in cats by Martin and Rand (1999) ful ls these requirements.
Materials and methods

Animals
The experimental animals were six adult mixed-breed cats, four females and two males, 1.5 years old (at the beginning of the studies) and weighing 3.7-6.0 kg. All the cats were healthy, as determined by history, clinical examination, blood count and biochemical serum test and urinalysis.
Both jugular veins of these animals were catheterized repeatedly (totalling 48 times) between July 1999 and October 2001 with resting periods inter studies that varied between one to 10 months. Duration of the catheterization ranged from 1-13 days, with a median of 3 days. During the studies, cats were housed in an appropriated place (266 m), that allowed free movement. Access to standard commercial pelleted food and water was ad libitum.
All animal procedures were approved by the SecretarẂa de Ciencia y Té cnica, Universidad of Buenos Aires, Argentina.
Catheterization procedure
A 22G and 20.3 cm through-the-needle type catheter (Intracath 1 with wire stylet, made of Vialon 1 radiopaque material, Becton Dickinson, Sandy, Utah, USA) was used for the jugular canalization. This catheter was introduced into the vein through a 20G and 32 mm over-the-needle type catheter (Jelco 1 , Johnson-Johnson, Medical, Pomezia, Italia). The needle supplied in the Intracath 1 package was not used since its size was too large for the cats. The Jelco 1 catheter with a smaller diameter and sharp bevel, allowed an easier introduction of the Intracath 1 into the vein of the animals, prior to the catheterization, was carried out with ketamine 5 mg/kg of body weight (Ketamina 50 1 Holliday-Scott, Buenos Aires, Argentina) and acepromazine 0.01 mg/kg of body weight (Acedan 1 , Holliday-Scott, Buenos Aires, Argentina), or with tiletamine=zolazepam 5 mg/kg of body weight (Zelazol 1 , Fort Dodge, Iowa, USA) by i.m. route. Both protocols provided enough relaxation and immobilization for the whole procedure, with a rapid (1-2 h) and complete recuperation.
The skin of the neck over the jugular was clipped gently, from the thoracic inlet to the mandible angle, and prepared aseptically by scrubbing with an antiseptic soap solution of 2.5% benzoile peroxide for 3 min and rinsed with ethyl alcohol.
The cat was positioned in lateral recumbency with the neck extended forwards. The jugular vein was located and a super cial cut (3-4 mm length) was made on the skin at a distance of 2-3 cm cranial the thoracic inlet. To prevent infection, the Jelco 1 catheter was passed through the skin towards the heart and advanced parallel to the vein for some distance through the subcutaneous tissue before its introduction into the jugular. Once the vein was punctured and blood ashback, the catheter was pushed over the needle into the vein. After removing the needle, the Intracath 1 catheter was placed through the Jelco 1 catheter and advanced into the vein, grasping the catheter through the protective sleeve until almost the full length of the Intracath 1 was introduced. Then its hub and the Jelco 1 hub could be joined; holding both catheters hubs steady, the Intracath wire stylet was removed. The injection plug was connected quickly to a Luer tting and both catheters were carefully pushed out together until the whole Jelco 1 catheter was out of the vein. The Intracath 1 catheter stayed 13-15 cm length into the vein. Once the correct localization of the catheter was ensured, 0.2 ml of heparinized sodium chloride solution (20 IU heparine, Sabrius 1 Fada, 5000 IU/ml, Argentina, in 1 ml 0.9% sodium chloride solution) was injected to prevent lumen obstruction with a thrombus.
In order to prevent catheter rotation, movement or twisting, both catheter hubs were tted together with a small piece of waterproof white tape wrapped around. Then a 'butter y' of waterproof white tape was placed covering both hubs, the Jelco 1 catheter and some length of the Intracath 1 , to provide a secure anchor for suturing to the skin. This 'butter y' was xed with two simple interrupted stitches using 3-0 mono lament nylon suture. The suture was positioned closely to the catheter and skin entrance site to prevent its accidental withdrawal or kinking.
The skin site of catheter penetration was covered with a small piece of gauze impregnated with 10% povidone-iodine ointment. A porous white tape was applied anchoring the gauze and the 'butter y' to the neck, laying the catheter plug on the dorsal midline of neck. This was held in place by an ad hoc collar made with gauze bandage, secured with tape. The catheter hub and plug remained out of the bandage, allowing blood sampling.
Catheters were placed on the day prior to the beginning of the study. Blood collection was undertaken by removing the Luer plug from the end of the catheter. Two syringes were used, the rst one was used to withdraw no less than twice the internal volume of the catheter (260.05 ml), and the second one was used to withdraw the sample.
At least once daily or after each blood sampling the catheter was ushed with 0.3 ml of heparinized solution (20 IU/ml) to maintain its patency. All handling was performed carefully using sterile materials and solutions in order to prevent infection. Dressings were inspected daily and replaced only if they were loose, wet or soiled. Blood samples were collected over different periods of time, in some studies every 12 or 24 h, but in several cases, samples were taken as frequent as every 5 or 10 min.
Animals were carefully examined at least twice daily, to look for signs of sepsis or irritation near the catheter insertion site. Criteria for identi cation of phlebitis were a thickened, sensitive vein and an apparent increase in temperature of the skin over the vein, as compared with that of the opposite jugular (Burrows 1982 ). Also regional lymph nodes were palpated, and neck and face evaluated for oedema formation.
At the end of each study catheters were removed. After cutting the skin sutures, the catheters were pulled out of the vessel by applying a slight traction while applying a mild pressure over the vein.
Results
The catheterization procedure presented here is simple, although in the smaller cats it may be dif cult to introduce the over-the-needle catheter (Jelco 1 ) into the vein. However, once this step is performed, the remaining procedure is attained smoothly.
The animals tolerated the catheters and bandages satisfactorily. In two of the 48 catheterizations performed, some skin irritation on the caudal-ventral region of the neck was observed, which could be due to the tape. This problem was solved by changing the bandages to a hypoallergenic one. None of the cats showed signs of phlebitis or local in ammation, or general symptoms of depression, discomfort, fever, anorexia or stress.
Totalling all studies, both jugular veins of each animal were randomly catheterized 2-6 times (Table 1) , and catheters stayed in place for 1-13 days depending on the study, with a median of 3 days. Intervals intercatheterization varied from 1-10 months. 1  3  9  3  10  2  4  13  5  23  3  3  10  5  29  4  6  33  3  4  5  4  27  4  11  6  2  8  6  32 IDˆidenti cation all the studies) each jugular remained catheterized.
During the studies catheters remained patent until they were removed. It was always possible to inject uids ( ushing) even though it was occasionally dif cult to withdraw blood samples. These situations were solved by extending the neck of the cats.
Removal of the catheter was easy, and it was unnecessary to suture the skin incision. None of the cats suffered bleeding or any in ammatory local reaction after catheter removal.
Discussion
The most common complication associated with intravenous indwelling catheters is infection or sepsis, with an incidence of about 5% in different studies (Burrows 1982 , Lippert et al. 1988 , Blaiset et al. 1995 , Mathews et al. 1996 .
To minimize the incidence of catheterrelated sepsis, the importance of proper skin preparation before catheterization and the use of sterile materials and aseptic procedures is recognized. In the studies reported here there was no case of infection. This was expected, not only because of the careful and standard procedures applied but also, because of the antibiotic drugs used in all studies. However, the utility of systemically administered antimicrobials as a prophylactic measure for avoiding catheter sepsis is limited when not accompanied by basic aseptic procedures (Burrows 1973 , Goodger 1973 , Burrows 1982 , Mathews et al. 1996 .
There are different criteria related to the timing of dressing change. In the studies reported here, according to Matin and Rand's recommendations (1999) , bandages were left in place until the catheters were removed, being changed only if they were wet or dirty or if they became too loose. Other authors have recommended changing the dressings every day (Hughes et al. 2000) , every other day (Cochrane et al. 1989) , every 3 days (Burrows 1973) or at least every 5 days (Blaiset et al. 1995) .
The skin under the bandages was kept healthy except in two cats that had in ammatory reaction to the adhesive tape. As mentioned previously, this was solved by replacing the tape with a hypoallergenic one.
The technique described here was less injuring than previous ones since it did not need the partial (Martin & Rand 1999) or complete freeing of the jugular vein from the surrounding tissues, neither did it require a ligature that may lead to a permanent loss of patency (Goodger 1973 , Cochrane et al. 1989 , Morton et al. 1993 , Blaiset et al. 1995 , Webb et al. 1995 .
Even though occlusion problems are a relatively frequent complication with these techniques (Burrows 1973 , Webb et al. 1995 , in the present study catheters kept patent during all the experiences until they were removed. This could be due to the short indwelling time, but also to the catheter material (polyetherurethane) being less thrombogenic than other materials.
Heparin saline concentration (20 IU/ml) utilized for ushing was in the order of the usual recommendations (Morton et al. 1993 , Martin & Rand 1999 . No 'heparin ush syndrome' was observed in any of the cats, independently of the number of ushings performed.
None of the experimental animals showed heart disorders, as a consequence of the presence of the indwelling catheter. This observation agrees with that reported by Horton (1980) .
Although vein breakage has been reported as a potential complication with this procedure (Burrows 1973 , Intracath 1 inside prospect), in the present studies this situation was not observed. This could be a consequence of the use of a exible catheter (Jelco 1 ) instead of a needle with a sharp bevelled edge provided by the manufacturer for introducing the indwelling catheter into the vein.
In conclusion, data reported here demonstrate that the described jugular catheterization technique is simple, safe and effective, allowing multiple blood sampling, which can be repeated several times in the same animals.
